To determine the diagnostic accuracy of computed tomographic (CT) angiography, magnetic resonance (MR) angiography, and transcranial Doppler ultrasonography (TCD) compared with that of intraarterial digital subtraction angiography (DSA) in depicting intracranial aneurysms. A secondary objective was to determine whether accuracy was influenced by aneurysm prevalence, sample size, or aneurysm site or size in the populations studied.
Participants included in the review
Studies on patients with suspected aneurysms of any size were eligible for inclusion. However, studies that assessed children were excluded. The patient populations assessed varied between the different imaging modalities and were as follows.
CT angiography: 3 studies were performed in patients who were not known to have an aneurysm or recent subarachnoid haemorrhage, (SAH) but had symptoms that could be attributed to an underlying aneurysm; 7 studies were performed in a population in which predominantly all of the patients were know to have an intracranial aneurysm or recent SAH; 6 studies were performed in a population that consisted of a mixture of these groups.
MR angiography: 3 studies were performed in patients who were not known to have an aneurysm or recent SAH, but had symptoms that could be attributed to an underlying aneurysm; 11 studies were performed in a population in which predominantly all of the patients were know to have an intracranial aneurysm or recent SAH; 5 studies were performed in a population that consisted of a mixture of these groups; and 1 study was performed in an asymptomatic population at increased risk of an aneurysm. TCD: all of the studies were performed in patients known to have an aneurysm or recent SAH.
Outcomes assessed in the review
The primary outcomes of interest appear to have been the true positive (rate for the noninvasive examination versus angiography), and data required to calculate the sensitivity and specificity (i.e the true-negative rate, false-positive rate and false-negative rate both per patient and per aneurysm). The eligibility criteria (based on quality assessment) permitted studies, which did not provide results from which these data could be extracted per patient and per aneurysm, to be included provided that the weighted assessment score was greater than 5. These studies were, however, excluded from further analysis because the necessary data could not be extracted.
How were decisions on the relevance of primary studies made?
The authors did not state how the papers were selected for the review, or how many reviewers performed the selection.
Assessment of study quality
The validity of the studies was assessed using a predetermined weighted quality criteria form, which contained 26 items relevant to studies of diagnostic accuracy. The items were grouped into three main categories: study design and examination methodology, image review process, and presentation of result data. A score on a scale of 0 to 3 was assigned for each of the three main categories, with an additional mark given for the overall impression of the article. A general score of greater than 5 was deemed to be necessary for inclusion in the meta-analysis. Two reviewers independently assessed study validity, with any differences being resolved by consensus review.
Data extraction
Two reviewers independently extracted the data from the identified studies. The following data were extracted from each article.
Study design and examination methodology: the number of patients in the study who underwent DSA for comparison; study population adequately defined; study population; radiologist in authorship; equipment used; imaging parameters adequately described; contrast material usage; complications assessed; complication rate; full anatomic coverage of all potential intracranial aneurysm sites; clear and adequate description of image reconstruction techniques used; exclusion criteria stated.
Image review process: exclusion criteria stated; the number of patients excluded from the study clearly stated; blinding of the readers explicitly stated; details of image data available for review; the number of independent readers; interobserver variability assessed; inter-observer variability rate. Presentation of result data: prevalence of aneurysms at DSA; distribution of aneurysms; the number of true-positive cases at noninvasive examination; the number of falsepositive cases; the number of false-negative cases; the number of true-negative cases.
Methods of synthesis
How were the studies combined? The true-and false-positive rates and negative rates per aneurysm and per patient were tabulated into 2x2 tables for each modality, and the sensitivity, specificity, predictive and accuracy values were calculated. To combine independent studies of the same diagnostic examination, the method of Moses et al. was used (see Other Publications of Related Interest) and receiver operating characteristics (ROC) curves were plotted.
How were differences between studies investigated?
Differences between the tests were assessed by comparing the proportion of points above and below the best fit line on the summary ROC curve using a standard chi-squares test. Also examined were the effect of aneurysm prevalence in the study population, study sample size, recent versus older study, and aneurysm site (i.e. anterior versus posterior circulation and aneurysm size).
Results of the review
Thirty-eight diagnostic accuracy studies (total n=1,765) were included.
CT angiography per patient had a sensitivity of 92% (95% confidence interval, CI: 89, 95), a specificity of 94% (95% CI: 88, 99) and an accuracy of 93% (95% CI: 90, 95). The positive predictive value (PPV) was 98% (95% CI: 96, 99) 
